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(57) ABSTRACT 

A method and apparatus reduces the peak current drawn 
from a DC- to -DC voltage converter (126) in a battery 
powered communication device such as a radiotelephone 
handset (104). The radiotelephone handset (104) enters high 
current operating conditions during transmit time slots (208, 
210) and receive time slots (212, 214) defined by a TDMA 
protocol. During the receive time slots (212, 214) and the 
transmit time slots (208, 210), operating power is removed 
from a portion of the communication device, such as the 
display (120), to reduce the peak current drawn from the 
voltage converter (126). Excessive current drain from the 
battery (124) and rapid battery discharge are thereby elimi- 
nated. 

14 Claims, 2 Drawing Sheets 
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PEAK CURRENT REDUCTION IN A includes a remote transceiver 102 and a communication 

CORDLESS TELEPHONE HANDSET device, radiotelephone handset 104. The remote transceiver 

FIELD OF THE INVENTION 102 sends and receives radio frequency (RF) signals to and 

from radiotelephone handsets within a fixed geographic 

The present invention relates generally to communication s afea ^ RF . ^ include di - ul data transmiUed se riaUy 

devices. The present invention relates more particularly to ^ modulatcd b & carricr The radiotelephone 

reduction of peak current m a communication device such as hmds&i ^ {s ^ ^ radiotel hone handset 

a cordless telephone handset. . . . . r 

r within the geographic area. 

BACKGROUND OF THE INVENTION ^ rad i ote lephone handset 104 includes an antenna 106, 

Many communication devices operate on battery power. 10 a receive circuit 108, a transmit circuit 110 and a controller 

For the convenience of the user, communication devices 112. The controller 112 is coupled to other elements of the 

may be designed for use with commonly available batteries, radiotelephone handset 104 by control lines, not all of which 

such as "AA" or "AAA" cells. Two such cells in series are shown in FIG. 1. The radiotelephone handset 104 further 

provides an approximately 3.0 volt DC battery voltage. The i nc i u des a user interface 113, including a speaker 114, a 

communication device includes a DC-to-DC voltage con- 15 microphone 116, a keypad 118 and a display 120. The 

verier to step up thebattery voltage to an operating voltage, radiotelephone handset 104 still further includes a power 

such as 5.0 volts. The voltage converter thus provides the SQurce m and a switch 123 

operating voltage for the communication device. . „„„ . , , 

Such voltage conveners are not one hundred percent ^P 00 rece Pf n ° f RF Sl f a f s > the radiotelephone handset 
efficient, however. One commonly available voltage con- , 0 104 rcccivcs the RF Sl ^ h thr ° u £ h lhe antenna 106 ^ 
verier is approximately 80% efficient over an output current " antenna 106 and receive circuit 108 «> nvcrt the received RF 
range of several hundred rnilliamps (mA). Efficiency is the signals into electrical baseband signals and provide corre- 
ratio of the output power to the input power for the voltage sponding data to the controller 112. The controller 112 
converter. For output currents above about 600 mA, con- formats the data into recognizable voice or information for 
verier efficiency falls off rapidly. These values are represen- use by user interface 113. The user interface 113 commu- 
tative only. Other voltage converters will have other effi- 25 nicates the received information or voice to a user, 
ciencies and other operational limitations. Upon transmission of radio frequency signals from the 
The effect of reduced voltage converter efficiency at high radiotelephone handset 104 to the remote transceiver 102, 
current is increased power drain from the battery. As output tne user interface 113 transmits user input data to the 
current from the voltage converter increases, current drain controller 112. The controller 112 formats the information 
from the battery increases proportionate to efficiency. If obtained from the user interface 113 and transmits it to the 
efficiency decreases as the output current increases, the {Tansm[i ckcu[{ m fof CODVersion mt0 RF mo dulated 
current drawn from the battery will increase proportionately s - ^ ^ traQsmil m & s ^ Rp modulated 

with both increasing output current and decreasing em- . 0 . t . . tAr - < . . 

^ , . , , , j- * j, signals to the antenna 106 for transmission to the remote 

ciency. Thus, at high current, the battery discharge rapidly, transceiver 102 

inconveniencing for the user. 35 

Communication devices can be designed with low power la one embodiment the radiotelephone handset 104 corn- 
dissipation to keep the current drawn from the voltage P nses a ,elephonc handset ^f^J 01 commu - 

, r ^ „ 4 , ~* mcation with the remote transceiver 102 according to a time 

converter in a range of greatest emciency. However, as . . , . , ,_ W1 . . b 

portions of the communication device switch on and off, <l ivisi0n ' m , uhl P le access <™ MA > communication protocol. 

peak current drawn from the voltage converter may tempo- *o F ^ ^ a mple, the system 100 may operate accortogto the 

rarily move the voltage converter into a low efficiency range. Digital European Cordless Telecommunication (DECI^ pro- 

If such peaks occur frequently or are sustained in duration, loco k L Alternatively, the system 100 may operate according 

the batteries will discharge rapidly. 10 * e Pers0Dal Haad y Ph ° ne S y stem ( PHS > P rolocol > ™f 
.... Lf it .jj . m Japan, or any other data communication protocol for 
Accordingly, there is a need for a method and apparatus _ nr ™t<»^ c ..„u , ™t~™i 
r j ;/ . • , , c r f . ac cordless or cellular telephone systems. Such a protocol 
for reducing the magnitude and duration of current peaks , c , ,. , , c t c 
, r i . . j . defines transmit time slots, for transmission from the radio- 
drawn from a voltage converter in a communication device. t . , , , t 1A . , t 4 . tA - , 
& telephone handset 104 to the remote transceiver 102, and 

BRIEF DESCRIPTION OF THE DRAWINGS receive time slots for transmission from the remote trans- 

The features of the present invention, which are believed ce i ve ' 102 to the radiotelephone handset 104. Operation of 

to be novel, are set forth with particularity in the appended 50 the radiotelephone handset 104 in conjunction with such 

claims. The invention, together with further objects and transmit time slots and receive time slots will be described 

advantages thereof, may best be understood by making m more detai1 below m conjunction with FIG. 2. 

reference to the following description, taken in conjunction Associated with the receive circuit 108 is a switch 109. 

with the accompanying drawings, in the several figures of The switch 109 is coupled between the power source 122 

which like reference numerals identify identical elements, 55 and the receive circuit 108. The switch 109 has a control 

and wherein: input 115 for receiving a receiver power control signal from 

FIG. 1 is an operational block diagram of a comrounica- the controller 112. In response to the receiver power control 

tion system including a communication device with which signal, the switch 109 removes power from the receive 

the present invention may be used; and circuit 108. Similarly, associated with the transmit circuit 

RG. 2 is a timing diagram illustrating operation of the 60 110 and coupled between the transmit circuit U0 and the 

communication device of FIG. 1 in accordance with the P ower source 122 is a switch m ^ 111 ha f a 

present invention. control input 117 coupled to the controller 112 for receiving 

a transmitter power control signal. In response to the trans- 

DETAILED DESCRIPTION OF A PREFERRED mitter power signalj the switch m removes p0W er 

EMBODIMENT 65 from the transmit circuit 110. The switch 109 and the switch 

Referring now to FIG. 1, it shows a block diagram of a 111 may be implemented in any suitable manner, including 

communication system 100. The communication system 100 incorporating software interoperation with hardware ele* 
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ments of the radiotelephone handset 104, and may remove preferably a LT1302 voltage converter available from Linear 

power only from high-current portions of the receive circuit Technology Corporation, Milpitas, Calif. 

108 and the transmit circuit 110. jh e voltage converter 126 has an operating region of 

The display 120 includes a plurality 136 of light emitting maximum efficiency. The voltage converter 126 nominally 

diodes coupled in series with the switch 123. The plurality s has an efficiency of 80 percent up to an output current of 

136 of light emitting diodes includes light emitting diodes approximately 600 mA. The efficiency is the ratio of output 

138, 140 and 142. Each of the light emitting diodes 138, 140, f to • , f Keeping the battery voltage substan- 

142 is coupled in series with an associated current bmuing ^ amUnt ^ ^ tin volta substantial i y 

resistor, including resistors 139, 141, 143. In one ^ ^ effi fa lherefore a ^ q{ ^ 

embodiment, twelve light emitting diodes are included in the J0 dfawn from ^ b &nd ^ t M ^ 

communication device only some of which are shown in current f 60Q ^ b ^ a imatcl 750 

FIG. 1 so as to not unduly complicate the drawing figure. ^ B d ^ curren , of m ^ ^ efficj 

The light emitting diodes 138, 140, 142 are coupled to the faUs „/ M , and ^ batt currem iQcreases idl 

controller 112 and are illuminated w response to control it is desirable to operate the radiotelephone 

signals received I from the controller 112 The hght emitting 15 handset m a[ of be , ow a k m ndin t0 an 

diodes 138 140, 142 include light emitting diodes which m froffl ^ y J[ convertef of ^ ^ ^ 

form the display, such as seven segment hght emitting ^ wl n6 has a maximum ti current 

diodes for displaying alphanumeric ^characters and mdi- f 6QQ mA ^ mmbcK af6 illustrative on] 0lh6r 

vidual hght emitting diodes for providing a visual indica..o Q e moM& wm rfofm di£ferenll 

to a user of the radiotelephone handset 104. In addition, the 9n & rt , 

light emitting diodes 138, 140, 142 includes one or more ™ e transmU circuit 110 has ^latwely high power con- 
light emitting diodes for illuminating the keypad 118 by sumption. Similarly, the receive circuit 108 also has rela- 
backlighting the keypad 118. Preferably, the light emitting livel V hi g h P ower consumption. To reduce the overall power 
diodes 138, 140, 142 draw only a relatively small operating consumption m the radiotelephone handset 104, the transmit 
current from the power source 122. In one embodiment, circuit 110 and the receive circuit are powered down during 
each light emitting diode draws approximately 5 mA from times when these circuits are not actlve " 
the power source 122 when illuminated. Thus, twelve light If the radiotelephone handset 104 is operating in a com- 
emitting diodes draw 60 mA from the power source 122, munication system according to a TDMA communication 

The switch 123 comprises a MOSFET (metal-oxide- protocol, the TDMA protocol creates ideal opportunities for 

semiconductor field effect transistor) 144. The switch 123 30 powering down the transmit circuit 110 and the receive 

selectively decouples the display 120 from the power source circuit 108 As noted above, a TDMA protocol defines 

122 in response to a display control signal from the con- transmit time slots and receive time slots for communication 
troUer 112. The light emitting diodes 138, 140, 142 included between the radiotelephone handset 104 and the remote 
in the display are coupled together at a common node 146. transceiver 102. For example, a radiotelephone handset 
The drain of the MOSFET 144 is coupled to the common 35 operating according to the DECT protocol transmits for 
node 146 and the source of the MOSFET 144 is coupled to transmit time intervals having a duration of 438 /^sec every 
ground potential. The gate of the MOSFET 144 is coupled 10 msec - To reduce P ower consumption in the radiotele- 
to the controller 112 for receiving the display control signal. P nonc handset 104, the radiotelephone handset 104 selec- 
When the display control signal is a high voltage level, the tively provides operating power to the transmit circuit 110 
MOSFET 144 is turned on, permitting current flow in the 40 durmg these transmit time intervals. This is accomplished by 
light emitting diodes 138, 140, 142. When the display selective application of the transmitter power control signal 
control signal is a low voltage level, the MOSFET 144 is & om the controller 112. Similarly, the receive circuit 108 
turned off, interrupting current flow in the plurality 136 of receives during receive time intervals. To reduce power 
light emitting diodes in response to the control signal from consumption in the radiotelephone handset 104, the control- 
trie controller 112. If the keypad 118 is backlit or otherwise 45 ler 112 selectively provides operating power to the receive 
illuminated by one or more light emitting diodes, the switch circuit 108 durin S these receive time intervals. 

123 including the MOSFET 144 interrupts current flow in To further reduce power consumption, a communication 
the one or more light emitting diodes in response to the device according to the present invention removes operating 
display control signal. power from a portion of the communication device during 

The power source 122 provides operating power for the 50 the transmit time intervals to reduce the peak current. The 

radiotelephone handset 104. The power source 122 includes controller 112 removes operating power from the portion of 

a battery 124 and a voltage converter 126. The battery 124 the communication device to limit the output current from 

is any suitable battery. For user convenience, the battery 124 the voltage converter 126 to less than a maximum output 

is one or more "AA" or "AAA" cells of the type which is current, such as 600 mA. By reducing the peak current, the 

commonly available. Such cells are light weight and store 55 voltage converter 126 remains in its operating region of 

substantial charge to provide long operating life for the maximum efficiency. By reducing the peak current, the 

radiotelephone handset 104. To further enhance user voltage converter 126 does not draw excessive current from 

convenience, the cells may be rechargeable. The battery 124 the battery 124, thereby extending the operating life of the 

may comprise two such cells coupled in series to provide an battery. 

approximately 3.0 volt DC battery voltage. 6 o The portion of the communication device from which 
The voltage converter 126 is a DC-to-DC voltage con- operating power is removed may be any unnecessary circuit 
verter. The voltage converter 126 has an input 128 for element or circuit component. Preferably, the removal of 
receiving the battery voltage and an output 130. The voltage operating power is not apparent to the user of the commu- 
converter 126 generates an output current at an operating nication device. Further, the controller also removes oper- 
voltage for the radiotelephone handset 104. A typical value 65 ating power from the portion of the communication device 
for the battery voltage is 3.0 VDC and a typical value for the during receive ;ime intervals as well as transmit time inter- 
operating voltage in 5.0 VDC. The voltage converter 126 is vals. 
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In accordance with the present invention, operating power 
is removed from the display 120 during the transmit time 
intervals. The controller 112 provides the control signal to 
the switch 123 and the switch 123 interrupts current flow in 
the plurality 136 of light emitting diodes. Operating power 
is removed from the display 120 during a time interval 
imperceptible to the user of the radiotelephone handset 104. 

The transmit time intervals preferably correspond to 
TDMA transmit time slots and the receive time intervals 
preferably correspond to TDMA receive time slots. Refer- 
ring now to FIG. 2, it shows a timing diagram illustrating 
operation of the communication device of FIG. 1 in accor- 
dance with the present invention. FIG. 2 shows a first wave 
form 202 corresponding to the transmitter power control 
signal provided to the switch 111 by the controller 112, a 
second wave form 204 corresponding to the receiver power 
control signal provided to the switch 109 by the controller 
112, and a third wave form 206 corresponding to the display 
control signal provided to the switch 123. 

The transmit circuit 110 transmits to the remote trans- 
ceiver 102 during transmit time slots defined by the time 
division multiple access communication protocol and the 
receive circuit 108 receives from the remote transceiver 102 
during receive time slots defined by the time division 
multiple access communication protocol. The controller 112 
removes operating power from the portion of the operating 
circuitry during at least one of the transmit time slots and the 
receive time slots to reduce peak current from the power 
source 122. The transmit time intervals and the receive time 
intervals for removing power from the portion of the com- 
munication device may be longer or shorter in duration than 
the time slots. 

In FIG. 2, the wave form 202 indicates that switch 111 is 
actuated to provide power to the transmit circuit 110 only 
during transmit time slots 208, 210 during which the radio- 
telephone handset 104 is transmitting. The switch. Ill 
,removes power from the transmit circuit 110 at times other 
than the transmit time slots 208, 210. In the same manner, 
the wave form 204 indicates that switch 109 is actuated to 
provide power to the receive circuit 108 only during receive 
time slots 212, 214. The switch 109 removes power from the 
receive circuit 108 at times other than the receive time slots 
212, 214. 

Also in FIG. 2, the wave form 206 indicates that the 
controller 112 provides the display control signal to the 
switch 123 during transmit time intervals 216, 218. Also, the 
controller provides the display control signal to the switch 
123 during receive time intervals 220, 222. In response to 
the display control signal, the switch 123 removes power 
from the display 120, to reduce peak current from the power 
source 122. 

As can be seen from the foregoing, the present invention 
provides a method and apparatus for reducing the peak 
current drawn from a DC-to-DC voltage converter in a 
battery powered communication device such as a cordless 
telephone handset. The handset enters high current operating 
conditions during transmit time slots and receive time slots 
defined by a TDMA protocol. During the receive time slots 
and the transmit time slots, operating power is removed from 
a portion of the communication device, such as the display, 
to reduce the peak current drawn from the voltage converter. 
Excessive current drain from the battery and rapid battery 
discharge are thereby eliminated. 

While a particular embodiment of the present invention 
has been shown and described, modifications may be made. 
For example, the invention may be applied to communica- 



tion devices other than a radiotelephone handset, such as a 
paging receiver, or any other current-sensitive battery pow- 
ered devices. It is therefore intended in the appended claims 
to cover all such changes and modifications which fall 
S within the true spirit and scope of the invention. 
What is claimed is: 

1. A method for reducing a peak current in a voltage 
converter during communications in a communication 
device, the method comprising the steps of: 

10 providing operating power from a power source through 
a voltage converter to the communication device, the 
voltage converter having an efficiency which varies 
with current provided to the communication device; 
selectively providing operating power through a first 

15 switch in response to a first control signal from a 
controller to a transmit circuit during transmit time 
intervals for transmitting from the communication 
device; 

concurrently removing operating power through a second 
switch in response to a second control signal from the 
controller from a display of the communication device 
to limit a current from the voltage converter to less than 
a maximum level during the transmit time intervals to 
reduce the peak current to maintain the voltage con- 
verter in an operating region of maximum efficiency; 
and 

maintaining power to the voltage converter and the con- 
troller. 

2. A method as recited in claim 1 further comprising a step 
of selectively providing operating power through a third 
switch in response to a third control signal from the con- 
troller to a receive circuit during receive time intervals for 
receiving in the communication device, and wherein the step 
of removing operating power includes removing operating 
power from the display during the receive time intervals. 

3. A method as recited in claim 2 wherein the step or 
removing operating power further comprises the step of 
removing operating power from the display during a time 
interval imperceptible to a user of the communication 
device. 

4. A communication device, comprising: 
a transmit circuit for transmitting during transmit time 

intervals, and a receive circuit for receiving during 
receive time intervals; 
a power source for providing operating power; 
a voltage converter for passing power from the power 
source to the communication device, the voltage con- 
verter having an efficiency which varies with current 
provided to the communication device; 
a controller for selectively removing operating power 
from a display of the communication device during at 
least one of the transmit and receive time intervals to 
reduce peak current through the voltage converter 
55 below a maximum level so as to maximize efficiency of 
the voltage converter, the power source, voltage con- 
verter and controller being continually powered; 
a first switch coupled to the controller, the first switch for 
selectively decoupling the transmit circuit from the 
60 power source in response to a first control signal from 
the controller; and 
a second switch coupled to the controller, the second 
switch for selectively decoupling the display from the 
power source in response to a second control signal 
65 from the controller. 

5. A communication device as recited in claim 4 wherein 
the display includes a plurality of light emitting diodes 



20 



25 



30 



35 



45 



50 



06/18/2003, EAST Version: 1.03,0002 



US 6,205, 

7 

coupled in series with the power source and the second 
switch, the second switch interrupting current flow in the 
plurality of light emitting diodes in response to the second 
control signal from the controller. 

6. A communication device as recited in claim 5 wherein S 
the communication device further includes a keypad includ- 
ing one or more light emitting diodes for illuminating the 
keypad, and wherein the second switch further interrupts 
current flow in the one or more light emitting diodes in 
response to the control signal. 10 

7. A communication device as recited in claim 4 wherein 
the power source comprises a battery, the display is an LED 
display, and the controller removes operating power from 
the display of the communication device during the transmit 
and receive time intervals. 15 

8. A communication device as recited in claim 4 wherein 
the communication device operates according to a time 
division, multiple access communications protocol defining 
transmit time slots and receive time slots for the communi- 
cation device, and wherein the controller removes operating 20 
power from the display of the communication device during 
the transmit and receive time intervals corresponding to the 
transmit time slots and receive time slots. 

9. A communication device as recited in claim 8 wherein 
the transmit time intervals are longer than the transmit time 25 
slots and the receive time intervals are longer than the 
receive time slots. 

10. A communication device as recited in claim 4 wherein 
the controller removes operating power from the transmit 
circuit during times other than the transmit time intervals. 30 

11. A radiotelephone handset configured for communica- 
tion with a remote transceiver according to a time division 
multiple access communication protocol, the radiotelephone 
handset comprising: 

a power source for providing operating power; 35 
a voltage converter with an efficiency which varies with 

current provided to the radiotelephone handset from the 

power source; 

a transmit circuit coupled to the power source through the 
voltage converter for receiving operating power, the 
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transmit circuit transmitting to the remote transceiver 
during transmit time slots defined by the time division 
multiple access communication protocol; 

a receive circuit coupled to the power source through the 
voltage converter for receiving operating power, the 
receive circuit receiving from the remote transceiver 
during receive time slots defined by the time division 
multiple access communication protocol; 

a controller for selectively removing operating power 
from a display of the radiotelephone handset during at 
least one of the transmit time slots and the receive time 
slots for reducing peak current so as to operate the 
voltage converter at maximum efficiency, the power 
source, voltage converter and controller being continu- 
ally powered; 

a first switch coupled to the controller, the first switch for 
selectively decoupling the transmit circuit from the 
power source in response to a first control signal from 
the controller; and 

a second switch coupled to the controller, the second 
switch for selectively decoupling the display from the 
sower source in response to a second control signal 
from the controller. 

12. A radiotelephone handset as recited in claim 11 
wherein the radiotelephone handset further comprises a 
keypad including one or more light emitting diodes for 
illuminating the keypad, the keypad being powered through 
the second switch in response to the second control signal 
from the controller. 

13. A radiotelephone handset as recited in claim 12 
wherein the power source comprises a battery, the voltage 
converter having a maximum output current, the controller 
removing output power from the display and the one or more 
light emitting diodes to keep the peak current less than the 
maximum output current. 

14. A radiotelephone handset as recited in claim 11 
wherein the radiotelephone handset comprises a cordless 
telephone handset. 
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